Objective: To review the current concepts in the mediastinal staging of nonsmall cell lung cancer (NSCLC), evaluating traditional and modern staging modalities. Summary Background Data: Staging of NSCLC includes the assessment of mediastinal lymph nodes. Traditionally, computed tomography (CT) and mediastinoscopy are used. Modern staging modalities include magnetic resonance imaging (MRI), positron emission tomography (PET), and endoscopic ultrasound with fineneedle aspiration (EUS-FNA) Methods: Literature was searched with PubMed and SUMSearch for original, peer-reviewed, full-length articles. Studies were evaluated on inclusion criteria, sample size, and operating characteristics. Endpoints were accuracy, safety, and applicability of the staging methods. Results: CT had moderate sensitivities and specificities. With few exceptions magnetic resonance imaging (MRI) offered no advantages when compared with CT, against higher costs. PET was significantly more accurate than CT. Mediastinoscopy and its variants were widely used as gold standard, although meta-analyses were absent. Percutaneous transthoracic needle biopsy (PTNB) and transbronchial needle biopsy (TBNA) were moderately sensitive and specific. EUS-FNA had high sensitivity and specificity, is a safe and fast procedure, and is cost-effective. EUS-FNA evaluates largely a nonoverlapping mediastinal area compared with mediastinoscopy. Conclusions: PET has the highest accuracy in the mediastinal staging of NSCLC, but is not generally used yet. EUS-FNA has the potential to perform mediastinal tissue sampling more accurate than TBNA, PTNB, and mediastinoscopy, with fewer complications and costs. Although promising, EUS-FNA is still experimental. Mediastinoscopy is still considered as gold standard for mediastinal staging of NSCLC. (Ann Surg 2003;238: 180 -188) N onsmall cell lung cancer (NSCLC) usually metastasizes first to hilar and mediastinal lymph nodes. Subsequently, hematogenous metastasis to distant sites may occur. Because survival is inversely correlated with stage, a meticulous staging procedure is required to determine the treatment and prognosis.
N onsmall cell lung cancer (NSCLC) usually metastasizes first to hilar and mediastinal lymph nodes. Subsequently, hematogenous metastasis to distant sites may occur. Because survival is inversely correlated with stage, a meticulous staging procedure is required to determine the treatment and prognosis. 1 For staging of NSCLC, the TNM classification has been developed, in which T stands for local tumor extension, N for lymph node metastasis, and M for distant metastasis. The lymph node map by Naruke et al, and its revisions, are often used for the description of the N factor of the TNM classification. 1, 2 Mediastinal lymph node staging can be divided into imaging and sampling. Computed tomography (CT), magnetic resonance imaging (MRI), and positron emission tomography (PET) may be used to image mediastinal lymph nodes. 3 Pathologic sampling of suspicious lesions can be performed by mediastinoscopy, mediastinotomy, thoracoscopy, transthoracic fine-needle aspiration, transbronchial fine-needle aspiration, and endoscopic ultrasonography with fine-needle aspiration. [4] [5] [6] [7] [8] [9] In this article, we will review the current concepts in mediastinal lymph node staging of NSCLC.
MATERIALS AND METHODS
We searched literature with PubMed and SUMSearch for original, peer-reviewed, full-length articles and metaanalyses in English. We used the following search terms: [ Further exploration of literature was guided by the reference lists in the articles found with these searches. Studies were evaluated on inclusion criteria, sample size, test, and operating characteristics. Endpoints were accuracy, safety, and applicability of the staging methods.
RESULTS

Computed Tomography
Traditionally, assessment of mediastinal lymph nodes in NSCLC patients is performed with thoracic CT. Two meta-analyses discussed this topic, enclosing 5420 nonover-lapping patients (Table 1) . Dales et al included 42 studies (3194 patients) from 1980 to 1988. 10 The quality of these studies proved to be variable: criteria for positivity of lymph nodes on CT were not mentioned in 25% of the studies, and the use of intravenous contrast and CT scan time were often not clear. Some authors used a second-generation CT scanner, whereas others used third-or fourth-generation equipment. Unfortunately, there was a tendency toward a higher accuracy with fourth-generation CT (0.83) as compared with third-or second-generation (0.77 and 0.78, respectively). Overall, weighted analysis of the 42 studies resulted in the following operating characteristics: sensitivity 0.83 (95% CI, 0.78 -0.87), specificity 0.82 (95% CI, 0.78 -0.85), and accuracy 0.80 (95% CI, 0.78 -0.84). 10 Dwamena et al included 29 studies (2226 patients) from 1990 to 1998. 11 Fifteen studies investigated CT in mediastinal NSCLC staging, and 14 studies CT as well as PET. Only research with third-or fourthgeneration CT equipment was accepted. No comments were made on the criteria for positivity of mediastinal lymph nodes on CT in the various studies, and studies with lymph nodal and patient based calculations were evaluated together. Sensitivity was 0.60 (95% CI, 0.58 -0.62), specificity 0.77 (95% CI, 0.75-0.79), and accuracy 0.75 (95% CI, 0.74 -0.76).
11
Combining the 2 meta-analyses, the overall accuracy of CT in mediastinal staging of NSCLC seems to be only 0.75 to 0.80, with 20 -40% false-negative and 18-23% false-positive results. Apart from these 2 meta-analyses, 3 prospective and 2 retrospective studies with surgical lymph node verification recently showed quite varying operating characteristics, with sensitivities of 0.33-0.75, specificities of 0.66 -0.90, and accuracies of 0.64 -0.79 (Table 1) . Like in the 2 metaanalyses, these authors used different CT protocols, varying population sizes, and either mediastinoscopy, thoracotomy, or both as gold standard. Point of concern is the often incomplete mediastinal lymph node sampling during mediastinoscopy and thoracotomy. 12 However, the main problem is the fact that CT only depicts the shape and size of mediastinal lymph nodes, rather than actual tumor involvement. In most articles, a lymph node is considered malignant when its shortest axis is at least 10 mm. 3, [13] [14] [15] This inherently results in moderate operating characteristics, because relation between size and the presence of malignancy is highly variable. Micrometastasis may be present in small nodes, and large nodes may contain only inflammation. 8, 16 The newest developments in imaging are helical multislice CT and combined multislice CT/PET. Whether the use of these modalities increases accuracy in tumor detection has to be evaluated.
Magnetic Resonance Imaging
The role of MRI in the mediastinal staging of NSCLC is not as well studied as CT. There are no meta-analyses on this subject, and only 2 prospective studies can be retrieved from literature. Webb et al included 170 patients in a study comparing CT and MRI. With a sensitivity of 0.64, a specificity of 0.48, and an accuracy of 0.61, MRI performed almost equally to CT. 17 Patterson et al reported better operating characteristics for MRI (sensitivity 0.71, specificity 0.91, accuracy 0.83), but these were obtained in 84 patients of the original 170, after 86 were excluded because of incomplete staging, among other reasons. 18 MRI experiences the same disadvantages of the size-related definition of lymph node positivity as CT. The use of contrast-enhanced MRI may improve staging results slightly according to a few small studies. 3, 19, 20 MRI might assess hilar and aortopulmonary window nodes more accurately than CT, because of a better distinction between lymph nodes and blood vessels, although this needs to be confirmed in prospective studies. In case of allergy to CT contrast agent, MRI may be useful. 21 With few exceptions, MRI offers no advantages in the mediastinal staging of NSCLC when compared with CT, against higher costs for MRI.
Positron Emission Tomography
Positron emission tomography (PET) using 18 F-fluordeoxyglucose as a tracer showed high sensitivities and specificities in the assessment of indeterminate solitary pul- 
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Mediastinal Staging of Lung Cancer monary nodules. 22 Likewise, using metabolic tumor properties instead of size criteria, positivity of mediastinal lymph nodes might approach the actual presence of tumor more closely than CT or MRI. Two meta-analyses on PET were published, both assessing approximately the same studies. Dwamena et al included 14 studies (514 patients) from 1990 to 1998. 11 Analysis resulted in a sensitivity of 0.79 (95% CI, 0.76 -0.82), a specificity of 0.91 (95% CI, 0.89 -0.93), and an accuracy of 0.92 (95% CI, 0.90 -0.94). Analysis of the pooled receiver operating characteristic (ROC) curves of PET and CT indicated that PET was significantly more accurate than CT in identifying mediastinal lymph node metastasis. 11 Hellwig et al performed a meta-analysis of 20 studies from 1985 to 1999, enclosing 842 patients. Sensitivity, specificity, and accuracy were 0.88 (95% CI, 0.85-0.91), 0.92 (95% CI, 0.91-0.94), and 0.91 (95% CI, 0.89 -0.93), respectively. Again, ROC curves showed that PET was significantly more accurate than CT. 23 In both meta-analyses, studies with lymph node and patient-based calculations were evaluated together. Apart from these 2 meta-analyses, 4 recent studies with surgical lymph node verification showed sensitivities of 0.71-0.91, specificities of 0.67-0.94, and accuracies of 0.73-0.92 (Table 2) . However, the definition of nodal staging accuracy of PET is not similar in all studies. Pieterman et al and Gupta et al defined lymph node staging as the assessment of N2 and N3 lymph nodes, not including N1 nodes. Dunagan et al defined lymph node staging as the assessment of N1, N2, and N3 lymph nodes. Albes et al, on the contrary, calculated staging accuracy for various nodal groups, being N0 versus N1/2 versus N3, with varying outcomes. Known causes of false-positive PET results are inflammation (tuberculosis, histoplasmosis, sarcoidosis), whereas false-negative results may be caused by carcinoid, bronchoalveolar cell carcinoma, and small lesions (less than 5-7 mm). 14, 20, 24 In conclusion, PET is very accurate in the mediastinal lymph node staging of NSCLC, and more accurate than CT. With the high negative predictive value, a negative mediastinum on PET leads directly to thoracotomy, without further preoperative mediastinal staging. The lower positive predictive value makes cytologic or histologic confirmation necessary in case of a positive mediastinum on PET. 13 The detection of unexpected distant metastasis in about 15% of the cases is another important advantage of PET. 13 Whether PET can be replaced by cheaper alternatives is an ongoing matter of debate and research. Single-photon emission computed tomography (SPECT) is cheaper, but that does not compensate for its lower accuracy. [25] [26] [27] Surgical Staging: Mediastinoscopy, Mediastinotomy, and Video-Assisted Thoracoscopy Several variants of mediastinoscopy can be distinguished. Cervical mediastinoscopy (CM) can assess lymph node levels 2 left and right, 4 left and right, and 7. It is often considered as gold standard for the mediastinal staging of NSCLC. 28 Debate is ongoing about how 'gold' this standard is. 29 There are only a few partly retrospective studies with varying designs and extents of lymph node sampling (Table  3) . Patterson et al compared MRI, CT and CM in a preoperative setting. The number of sampled mediastinal lymph node levels was very low (levels 2 right, 4 right, and 7 only), and extended cervical mediastinoscopy was also applied for left upper lobe lesions. 18 De Leyn et al assessed the role of CM in patients with previous N0 on CT, a highly selected population. 30 Porte et al had a very low sampling rate of 1.6 lymph node level per examination. 31 Overall, a very moderate sensitivity of 0.44 -0.92 was reported. Specificities and positive predictive values of 1.00 are the result of the study designs, and refer to what has been found during CM and not to what should have been found at the different lymph node levels. Patients with positive N2 lymph nodes 32, 33 at cervical mediastinoscopy have a different prognosis compared with patients with negative N2 lymph nodes, even if the latter patients have positive N2 lymph nodes at thoracotomy. 34, 35 Cervical mediastinoscopy can be extended (ECM) to reach lymph node levels 5 and 6. 36 Only 2 peer-reviewed 
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studies on ECM can be found. Freixinet Gilart et al prospectively studied 93 patients with NSCLC and aortopulmonary window nodes on CT. Sensitivity, accuracy, and negative predictive value were 0.81, 0.94, and 0.91, respectively. 36 Ginsberg et al performed a prospective analysis of 100 ECM procedures in patients with left upper lobe NSCLC. They reported a sensitivity, accuracy, and negative predictive value of 0.69, 0.91, and 0.89, respectively. The authors indicated that ECM must be performed in addition to CM, but many surgeons do not follow this recommendation. 37 Anterior mediastinotomy (AM) is suitable for lesions in the anterior and superior mediastinum or hili, when CM is contraindicated, or in case of a left upper lobe tumor.
9, 38 Barendregt et al retrospectively studied AM in 37 patients with left upper lobe tumors. In 16 patients (43%), a mediastinal lymph node or tumor was seen or palpated and biopsied. One true-positive and 4 false-negative findings resulted in a sensitivity, accuracy, and negative predictive value of only 0.20, 0.89, and 0.89, respectively. 38 Jiao et al retrospectively assessed the use of CM plus AM. Sensitivity, accuracy, and negative predictive value of 0.43, 0.85, and 0.83, respectively, were reported. 39 Video-assisted thoracoscopy (VATS) can image an entire hemithorax plus almost every mediastinal lymph node level, with minimal incision and morbidity, but generally only one-sided. 4 , 40 Champion and McKernan studied this technique in 17 patients before thoracotomy. They sampled mediastinal lymph node levels 2, 4, 5, and 7. VATS performed equally to thoracotomy. 5 The use of these surgical procedures is more dictated by tradition than by well-designed studies. Only CM has a firm place in the work-up of patients with NSCLC. CM, ECM, AM, and VATS are generally performed under general anesthesia, some surgeons perform CM in day care setting. 4 There are (relative) contraindications, including previous mediastinoscopy, previous local surgery or irradiation, aortic aneurysm, superior vena cava obstruction, and inability to withstand single-lung ventilation (VATS only). 40 The complication rate of CM is approximately 2.5%, including paresis of the left laryngeal recurrent nerve, hemorrhage, pneumothorax, pneumonia, injury to the azygos vein, perforation of the esophagus, and mediastinitis. 31, 40 The complication rate of AM is 6.7-9%, with 1% mortality. The complication rate of VATS may be as high as 14%, with hemothorax, air embolism, or lacerations to the lungs or blood vessels. Emergency thoracotomy is required in 1-3%, and the mortality rate is approximately 4.5%. 40 
Percutaneous Transthoracic Needle Biopsy
Percutaneous transthoracic needle biopsy (PTNB) can be used for the mediastinal staging of NSCLC. Meta-analyses on this subject are not available. CT guidance is preferred, because the lesions tend to be small and adjacent to major blood vessels. PTNB usually permits puncture of mediastinal lymph nodes larger than 1.5 cm. 41 The role of PTNB for the diagnosis of lung cancer has been described in 3 recent reviews. However, no operating characteristics were provided for mediastinal NSCLC staging. [42] [43] [44] Akamatsu et al prospectively studied PTNB in the assessment of enlarged mediastinal lymph nodes (N2) on CT in patients with NSCLC. Only lymph node levels 4 right, 6, and 7 were punctured. Overall sensitivity, specificity, and accuracy were 0.88, 1.00, and 0.89, respectively. Postbiopsy pneumothorax occurred in 22% of the procedures. 6 Protopapas and Westcott retrospectively analyzed PTNB in patients with various carcinomas and N2 mediastinal disease on CT. Sensitivity, specificity, and accuracy were 0.98, 1.00, and 0.98, respectively. Postbiopsy pneumothorax was reported in 34%, and 14% required a chest tube. 45 Pneumothorax is the most frequent complication (5-61%), especially in patients with COPD, requiring chest tube insertion in 1.6 -17% of the patients. 43, 44, 46 Other complications, such as hemothorax, hemoptysis, air embolism, or empyema are rare. 42 Implantation of tumor cells at the punction site is rare, reported to be approximately 1 in 4000 procedures. [47] [48] [49] Contraindications for PTNB are COPD, poor lung function, diffuse pulmonary disease, clotting disorders, pulmonary hypertension, contralateral pneumonectomy, and arteriovenous malformation. [41] [42] [43] 
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Transbronchial Fine-Needle Aspiration
Transbronchial fine-needle aspiration (TBNA) for the mediastinal staging of NSCLC has been described in literature, albeit not as meta-analysis. In a prospective Turkish study, the authors assessed mediastinal, hilar, and intrapulmonary lymph nodes by TBNA in 138 patients, with a sensitivity of 0.70 -0.74. 7 A sensitivity of 0.60 was reported by Rong and Cui, after prospective analysis of 39 patients. 50 Schenk et al used TBNA to assess enlarged mediastinal lymph nodes in 88 patients after tracheal intubation, just before surgical staging. They reported a sensitivity of 0.50, a specificity of 0.96, and an accuracy of 0.78. 51 These 3 prospective studies showed a range of sensitivities for TBNA, although it was applied in patients with established mediastinal lymph node (N2) enlargement on CT. Similar results were reported in 2 retrospective studies, with sensitivities of 0.36-0.71 and specificities of 0.92-1.00. 52, 53 Only lymph nodes next to the large airways can be reached, mainly on levels 4 right, 4 left, and 7. 40 CT guidance increases the sensitivity of TBNA, as may endobronchial ultrasonography. 50, 54, 55 Both cytologic and histologic specimens can be obtained, depending on the needle used. 7 The complication rate is 2-5%, including hemorrhage and pneumothorax. 7, 54, 56 In conclusion, TBNA is considered as safe, minimally invasive, and relatively inexpensive, although its yield is moderate.
52,57
Endoscopic Ultrasonography
For approximately 2 decades, endoscopic ultrasonography (EUS) has been used for the diagnosis and staging of gastrointestinal malignancies, with high accuracy and superior results compared with CT, MRI, angiography, and endoscopic retrograde cholangiopancreatography. [58] [59] [60] [61] Visual assessment of mediastinal lymph nodes by EUS gave for various observers sensitivities of 0.54 -0. 75 (Table 4 , marked with * ). All were histologically verified by either mediastinoscopy or lymph node dissection at thoracotomy. The use of only visual aspects of lymph nodes for the definition of malignancy results in moderate operating characteristics. These studies varied widely with regard to the number of examined mediastinal lymph node levels, visual criteria for malignancy, and patient population characteristics. Compared with CT, the detection rate of malignant lymph nodes is higher with EUS, with less falsepositive results. 8, 62 EUS can assess mediastinal lymph nodes at most levels, particularly at levels 4 left, 5, 7, 8, and 9, as well as metastasis in the left adrenal gland.
8,62-68 Levels 1, 2, 3, and 4 right are not always assessable, because of interference by air in the larger airways. When enlarged, however, detection is more easy.
66,69-71 Properties of lymph nodes indicating possible malignancy are a hypoechoic core, sharp [72] [73] [74] Signs of benignancy are a hyperechoic core (fat), central calcification (old granulomatous disease), ill-defined edges, a long and narrow shape, and a long axis diameter up to 10 mm. 70, 73, 75, 76 Histoplasmosis, sarcoidosis, and anthracosilicosis may cause false-positive EUS images. 64, 70, 77, 78 Diagnostic accuracy of EUS improves substantially when fine-needle aspiration (FNA) of the localized lymph nodes is added. Fourteen studies with a total number of 877 patients reported sensitivities of 0.81-0.97, and specificities of 0.83-1.00 (Table 4) . Again, variable designs and study qualities can be observed. Some studies assessed EUS-FNA for the staging of patients with proven NSCLC, whereas other studies assessed the accuracy of EUS-FNA in the diagnosis of mediastinal lymph nodes without prior diagnosis. 69, 71, 79 Geographical circumstances varied, with subsequent different exposures to histoplasmosis and anthracosilicosis. 8, 78 Falsenegative results may have been introduced by the sometimes poor lymph node sampling during EUS-FNA (sampling only the most suspicious nodes), and some of the studies are clearly underpowered. 76, 79, 80 Many outcomes were supported by clinical instead of surgical follow-up. 68, 69, 71, 81, 82 Despite these drawbacks, the clinical impact of EUS-FNA is illustrated by a change in the management of NSCLC after EUS-FNA in 66% of the patients, or cancellation of 68% and 49% of the scheduled mediastinoscopies and thoracotomies, respectively. 78, 83 According to Hunerbein et al, EUS-FNA made an unexpected diagnosis in 30% of the procedures. 84 In 2 studies with decision-analysis models, EUS-FNA was shown to be less expensive compared with mediastinoscopy for the assessment of the entire mediastinum or for subcarinal lymph nodes only. 63, 85 Barawi et al prospectively studied the incidence of complications associated with EUS-FNA. In 842 mediastinal EUS-FNA procedures, 1 infection, 2 hemorrhages, and 1 inexplicable transient hypotension were reported. 86 EUS-FNA is contraindicated in patients with a Zenker's diverticulum or bleeding tendency. 70, 71, 87 FNA of a cystic mediastinal lesion should be avoided, or when necessary be preceded by prophylactic antibiotics. 69, 72, 76 This applies also to immune compromised patients. 73, 79 In conclusion, EUS-FNA seems to be very accurate, safe, and economic in the assessment of mediastinal lymph nodes in patients with NSCLC. More prospective randomized studies are needed, however, especially on the use of EUS-FNA in combination with PET to elucidate its place in the diagnostic work-up of NSCLC
DISCUSSION
Proper staging of the mediastinum in NSCLC is a difficult task. Staging is, however, required for optimal treatment in relation to the patient's tumor stage. Minimal clinical staging recommendations were outlined in consensus meetings. [88] [89] [90] PET was partly included in these guidelines, whereas EUS-FNA was not. New imaging and diagnostic tests are changing the accuracy of the overall outcome, leading to stage migration. One of the problems is how to integrate new tests, such as PET and EUS-FNA, in the existing diagnostic algorithms. In the current article, a mediastinal staging algorithm was constructed incorporating these new techniques (Fig. 1) .
When the diagnosis of NSCLC has been established or strongly suspected after thoracic x-ray and/or bronchoscopy, CT is performed to assess the exact anatomic localization of the lesions and their local resectability. If the tumor seems locally resectable, PET is performed to eliminate the presence of unsuspected distant metastases. PET can easily demonstrate distant hotspots, but these need pathologic confirmation. When distant metastases are absent, a PET-negative mediastinum directly leads to thoracotomy. PET has the [91] [92] [93] It seems reasonable to refrain from CT/MRI imaging of the brain in early stage (T1/2, N0) NSCLC patients without clinical evidence for brain metastasis. 92 Mediastinal lymph node sampling can be performed with different methods. Mediastinal NSCLC staging will discriminate between N2 or N3 lymph nodes. Imaging techniques can poorly assess N1 lymph nodes (hilar or segmental). However, this seems not to be a major drawback, because N1 assessment will easily be resected. Only in case of poor pulmonary function N1 lymph nodes must be carefully assessed in advance, because segmentectomy may then be the only option to resect the primary tumor, thus extending life expectancy. Cervical mediastinoscopy is used in case of a hotspot on level 1, 2, 4 right, or 6 (extended mediastinoscopy), and after negative or unsuccessful EUS-FNA. EUS-FNA is the preferred method if a PET hotspot is located on Naruke level 4 left, 5, 7, 8, or 9. Whether EUS-FNA can partly replace cervical mediastinoscopy is still under research. Preliminary results show that the introduction of EUS-FNA in our clinic in this setting reduces the number of mediastinoscopies with 70%. 94 Other mediastinal staging methods are TBNA or PTNB, which are used in specific circumstances only, where EUS-FNA and mediastinoscopy failed or could not be applied. If distant and mediastinal malignancy cannot be demonstrated, thoracotomy will be performed. In case of equivocal staging results, patients should be treated as having no metastasis. This is clinically important when it is impossible to prove malignancy in a lesion that has already a low pretest probability of being malignant. Note that when a patient has a poor performance score or limited functional capacities, this may be a reason to refrain from specific staging procedures.
